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A method for preparing a biomaterial containing at least one
bioactive molecule from a base biomaterial, comprising the
following successive operations carried out on the base bio-
material:
a) application of a solid mixture of:
cyclodextrin(s) and/or cyclodextrin dervative(s) and/or
cyclodextrin inclusion complex(es) and/or cyclodex-
trin derivative inclusion complex(es),
at least one poly(carboxylic) acid,
and optionally a catalyst;
b)heating at a temperature between 100° C. and 200° C. for
a period of 1 to 60 minutes;
¢) washing with water;
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d) drying,
wherein at least one bioactive agent 1s incorporated in t
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biomaterial by impregnation of the biomaterial after t.
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drying step 1n a concentrated solution of the bioactive

agent.

21 Claims, 3 Drawing Sheets



U.S. Patent Dec. 9, 2014 Sheet 1 of 3 US 8,906,403 B2

12

—-PVYDF
—8-PYDF/B-CD

Absorbance




U.S. Patent Dec. 9, 2014 Sheet 2 of 3 US 8,906,403 B2

Salting—out of vancomycin

47 - -

T AT
A
A __
YN
d

A o I ,

0
il

on (mgf)

2
P

L

afy

Concentt
N
=]

e - 7aall MM AAEIREN N
Nea L
0 10 20 a0 40 420 60 70 80 80 100

- Time {(days)

l &—PET prosthesis —— PET-CD prosthesis

FIG. 2




U.S. Patent Dec. 9, 2014 Sheet 3 of 3 US 8,906,403 B2

o _ . — — e
—4— Non-functiona-
hzed membrane

—i— B-CD ftunctiona-

5 e lized membrane
. ——HP-y-CD

Release (pgfcm?)
=

- finctionalized
membrane
o ) —a— v-CD
functionalized
membrane

40 o0 60 70
Time (days)

FIG. 3



US 8,906,403 B2

1

BIOMATERIALS CARRYING
CYCLODEXTRINS HAVING IMPROVED
ABSORPTION PROPERTIES AND USED FOR
THE PROGRESSIVE AND DELAYED
RELEASE OF THERAPEUTIC MOLECULES

The present invention relates to biomaterials carrying
cyclodextrin with improved properties of absorption and of
gradual and delayed release of therapeutic molecules, the
method of preparation thereof as well as the use thereof as a
prosthesis or an implant in particular.

The implantation of biomaterials in animals or humans can
cause infection due to the mtroduction of pathogens during
the surgical procedure. This phenomenon occurs 1n approxi-
mately 1% of vascular surgery cases and such complications
can lead to the patient’s death 1n approximately 50% of cases.

It1s possible to combat this problem by a curative treatment
using a biocide (antibiotic or antiseptic) or to fight the prob-
lem prophylactically by immersing the biomaterial 1n an anti-
biotic or antiseptic solution just prior to implantation. The
active mgredient 1s then released in situ, directly 1n the sus-
ceptible area. However, this solution 1s imperfect 1n cases 1n
which the nature of the material comprising the biomaterial 1s
as follows:

the amount of active ingredient actually adsorbed by said

material 1s very small,

the active ingredient 1s released immediately within the

organism (several minutes to several hours), and

the concentration of the active ingredient rapidly decreases

below the minimal inhibitory concentration (MIC).

The consequence 1s that the effectiveness of such systems
1s too limited over time with respect to the period of time
during which possible infection 1s a risk (several weeks).

Various types ol biomaterials allowing the controlled
release (over time and/or 1n quantity) of active mgredients
have been proposed.

In certain cases, the biomaterials are comprised of porous
polymer matrices inside of which the active ingredient 1s
contained. The active ingredient 1s released by diffusion from
the pores of the matrix.

To this end, the document WO 02/41928 disclosed the use

of a biomaternal containing a porous polymer comprised of an
absorbent or amphiphilic polymer network (support network)
whose pores contain a polymer gel containing one or more
active ingredients (filling network). Preferably, the support
network 1s a porous microsphere formed by acrylic copoly-
mers modified by diethylaminoethyl groups. Example 3 of
this document 1llustrates the comparative study of the release
kinetics of indometacin and of various microspheres 1n con-
formity with the invention loaded with indometacin. The
results presented 1n table II of this document show that
although there 1s a gradual release of the quantity of active
ingredient, the delay compared to the control microspheres
(containing the active ingredient in the pores of the support
network) 1s not significant.

In other cases, the biomaterials are comprised of biode-
gradable polymers which release the active ingredient(s) con-
tained within the polymer matrix as the matrix degrades and
1s reabsorbed by the body. The release rate of the active
ingredient depends on the degradation rate of the matrix.

Thus, the document U.S. Pat. No. 6,525,145 disclosed a
biodegradable copolymer formed of polylactide and a
polysaccharide such as dextran; prior to their copolymeriza-
tion, at least one active ingredient 1s bound covalently to
dextran. In an alternative embodiment, a second active ingre-
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dient can be incorporated noncovalently in the copolymer;
this second active ingredient can be released by two different
mechanisms:

by diffusion, before the copolymer degrades;

by release from the polymer matrix as the copolymer

degrades.

According to the authors, release of the active ingredient(s)
from said biomaterial can be modulated according to several
criteria, namely:

the nature (hydrophilic or not) of the active ingredient

covalently bound to the dextran;

the hydrolysis of the dextran molecule, which 1s a function

of:

the nature of 1ts glycosidic bonds (higher rate of
hydrolysis for 1,6 bonds compared to 1,4 bonds);

the quantity of dextran incorporated 1n the copolymer.

However, since no study of the release kinetics of the active
ingredient 1s included 1n the aforesaid document, 1t 1s difficult
to evaluate the effectiveness of this controlled release system.

The present invention proposes to overcome the disadvan-
tages presented by the various types of known biomaterials
suitable for the gradual release of an active ingredient.

The invention relates to biomatenals carrying cyclodextrin
that have an improved salting-out capacity in terms of the
total amount of bioactive agent released, 1n terms of gradual
release and 1n terms of the total duration of release of the
bioactive agent. This invention calls upon the principle of
grafting the biomaterial with cyclodextrin 1n such a way that
the two adhere nearly permanently via covalent bonds or by
physical interactions.

FIG. 1 shows the evolution of the quantity of chlorhexidine
released over a period of 180 days by an untreated membrane
and a membrane functionalized with 3-cyclodextrin.

FIG. 2 shows the evolution of the concentration of vanco-
mycin released over a period of 86 days by an untreated
woven PET vascular prosthesis and a woven PET vascular
prosthesis functionalized with p-cyclodextrin.

FIG. 3 shows the release of chlorhexidine by microporous
PVDF membranes functionalized with {3-cyclodextrin,
hydroxylpropyl-y-cyclodextrin, and y-cyclodextrin, respec-
tively.

For this purpose, and according to a first aspect, the inven-
tion relates to a method of preparation of a biomaterial con-
taining at least one bioactive molecule, from a base biomate-
rial, characterized by the following successive operations
carried out on the aforesaid base biomaterial:

a) application of a solid mixture of:

cyclodextrin(s) and/or cyclodextrin derivative(s) and/or

cyclodextrin inclusion complex(es) and/or cyclodextrin
derivative inclusion complex(es),

at least one poly(carboxylic) acid,

and optionally a catalyst;

b) heating at a temperature between 100° C. and 220° C. for
a period of 1 to 60 minutes;

¢) washing with water;

d) drying,

and wherein at least one bioactive agent 1s incorporated 1n
the biomaterial by impregnation of the biomaterial after the
drying step 1n a concentrated solution of bioactive agent.

According to a second aspect, the mvention relates to a

biomaterial prepared from a base biomaterial having a chemai-
cal structure which contains a hydroxyl function and/or an
amine function, the aforesaid base structure being bound

covalently to at least one molecule of cyclodextrin or to a
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polymer comprised of cyclodextrin whose structure contains y representing the number of carboxyl functions of the
the repetition of the motif of general formula: poly(carboxylic) acid esterified during the reaction,

(x-y) being the number of carboxyl functions of the poly

(carboxyvlic) acid not esterified after reaction,
[SB]— X —CO—[[Ac]—CO—0—[CD]— 03— ;

COOH),.
( ks —— (COOH),,

SB representing the structure of the base biomaterial com- [Ac]

prised of a polymer material of natural or artificial origin 10
and/or of a bioceramic material, X being either an oxygen

_ > representing the molecular chain of a poly(carboxylic) acid
atom belonging to an ester group or an NH group,

_ of formula:
with x=3, 2=y=(x-1) and (x-y)=1,
X being the number of carboxylic acid functions carried by

the poly(carboxylic) acid before reaction, 15 (COOT),
y representing the number of carboxylic acid functions of |

the poly(carboxylic) acid formed 1nto esters or amides [Ac]

during the reaction,
(x—vy) being the number of carboxylic acid functions of the

poly(carboxylic) acid not formed into esters or amides 20
after reaction,

of which at least two carboxyl functions (—COOH) have
undergone esterification and which carries at least one car-
boxyl function not having undergone an esterification reac-

tion;
—— (COOH),y |CD] representing the molecular structure of the cyclodex-
| 55 trins chosen preferentially among: a-cyclodextrin,
[Ac] B-cyclodextrin, y-cyclodextrin and mixtures thereof;

derivatives therecof which are preferentially selected

representing the molecular chain of a poly(carboxylic)acid among amino, methyl, hydroxypropyl, sulfobutyl, car-

of formula: boxymethyl or carboxyl derivatives and mixtures
30 thereof; inclusion complexes of the atoresaid cyclodex-
trins or of the aforesaid cyclodextrin derivatives with

(COOH), bioactive molecules,

| wherein, the aforesaid biomaterial containing at least one

[Ac] bioactive agent forming a complex with the molecules of
33 cyclodextrin and/or of cyclodextrin derivatives, the aforesaid
of which at least two carboxyl functions (—COOH) have bioactive agent 1s a therapeutic molecule.
undergone esterification or, respectively, esterification and According to a fourth aspect, the invention relates to the
amide formation and which carries at least one carboxyl use of a biomaterial such as defined previously as an implant,
function not having undergone an esterification or amide  ,rogthesis or device for the controlled release of at least one
formation reaction; 40

|CD)] representing the molecular structure of the cyclodex- th%rapeuuc molecule.

- : _ : ['he invention now will be disclosed 1n detail.
trins chosen preferentially among: a-cyclodextrin, :
B-cyclodextrin, v-cyclodextrin and mixtures thereof;

T'he present invention relates to novel types of biomaternials

dervatives thereof which are preferentially selected carrying cyclodextrin in a complex with at Jeast one bioactive
among amino, methyl, hydroxypropyl, sulfobutyl, car- 45 agent which have improved salting-out capacity in terms of
boxymethyl or carboxyl derivatives and mixtures the total amount of bioactive agent released, in terms of
thereof; inclusion complexes of the aforesaid cyclodex- gradual release and in terms of the total duration of release of
trins or of the aforesaid cyclodextrin derivatives with the bioactive agent.

bioactive molecules, The goal of this new functionality is to appreciably reduce

wherein, the atoresaid biomaterial containing at least one
bioactive agent forming a complex with the molecules of
cyclodextrin and/or of cyclodextrin dermvatives, the aforesaid
bioactive agent 1s a therapeutic molecule.

According to a third aspect, the invention relates to a bio-
material prepared from a base biomaterial whose porous
structure 1s occupied by, or the surface structure 1s coated or

50 the risks of post-operative infections related to the coloniza-
tion of the wound or the graft by pathogenic bacteria during a
critical period which can range from 6 to 8 weeks.

As a consequence, these conditions justity the design of a
biomatenial capable of absorbing a sufficient quantity of bio-

55 active agent which can then be released gradually during this

covered by a cross-linked polymer of cyclodextrin(s) and/or critical _PEI‘IOC}- o | |

cyclodextrin derivative(s) and/or cyclodextrin inclusion com- T'he mvention calls upon the principle of grafting the bio-
plexes or cyclodextrin derivative inclusion complexes and ~ material with cyclodextrin (CD) 1n such a way that the two
whose structure contains the repetition of the motif of general adhere nearly permanently via covalent bonds or by physical
formula: 60 1nteractions. In this case, cyclodextrin forms an integral part

1O — O — CO —[Ac]— CO— () —— of the base biomaterial.
= [| ° I In one embodiment, at least one bioactive agent 1s subse-

(COOH),, quently incorporated with the graited base biomaterial by

impregnation in a concentrated solution of bioactive agent, an

with x=3, 2=y=(x-1) and (x-y)=1, 65 operation during which said bioactive agent comes to be
X being the number of carboxyl functions carried by the included within the cavities of the cyclodextrin present on the

poly(carboxylic) acid before reaction, biomaterial.
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In another embodiment, the cyclodextrin-bioactive agent
inclusion complex 1s formed first and then subsequently
graited onto the base biomatenal.

“Biomaterial” means any non-living material, of natural or
artificial origin, tolerated by humans or animals, 1n contact
with the organism for more than several weeks, used in the
production of a medical device intended to be placed in con-
tact with biological tissues (skin, teeth, bones, blood, etc.) for
the purpose of replacing or treating a tissue, organ or function.

The base biomaterial 1s a biomaterial which does not con-
tain bioactive molecules.

Binding of the cyclodextrin molecules(s) on the base bio-
material 1s primarily carried out via two mechamsms, each of
which depends on the chemical nature of said biomaterial.

In the case of the treatment of base biomaterials having a
chemical structure contaiming a hydroxyl and/or amine func-
tion, the method of the invention allows the initial formation
of an anhydnide of the poly(carboxylic) acid which reacts
with the biomaterial by forming an amide or ester covalent
bond between the treated biomaterial and the poly(carboxy-
lic)acid. Then, in the stmplest case, a second anhydride of the
poly(carboxylic) acid already bound to the biomaterial 1s
formed, said anhydrnide then reacting with a molecule of
cyclodextrin or of cyclodextrin dertvative by creating an ester
bond with the molecule of cyclodextrin or of cyclodextrin
derivative.

Certain synthetic or mineral polymer biomaterials, how-
ever, do not possess functional groups capable of reacting
according to the mechanism proposed above. In this case, the
binding of cyclodextrin(s) and/or cyclodextrin derivatives(s)
1s carried out by the formation of a cross-linked polymer
obtained by exclusive reaction between the cyclodextrin and/
or cyclodextrin dertvative molecule(s) and at least one poly
(carboxylic) acid. The cross-linked polymer thus formed
forms a film or a deposition on the surface of the base bioma-
terial, or 1s confined within 1ts porous structure, and remains
bound there permanently, according to the structure of the
treated biomaterial.

When the polymer:

—F CO—[[Ac]—CO—0—[CD]—O0+—

(COOH)y.

1s formed from a molecule of cyclodextrin bound to the
structure of the base biomaterial by a covalent bond, 1t has at
least one covalent bond with the base biomatenal.

When the copolymer:

——[[CD]—0—CO—[Ac]—CO— 0=

(COOH),.

1s formed from molecules of poly(carboxylic) acid and
cyclodextrin and/or cyclodextrin dertvative(s) not bound to
the base structure of the biomaterial, 1t can nevertheless, 1t 1t
1s cross-linked, 1.e., 1f it forms a three-dimensional network
intermingling with or coating the structure of the base bio-
material, be physically and permanently bound to said bio-
material.

The base mechanism utilizing a molecule of poly(carboxy-
lic) acid and a molecule of cyclodextrin or of cyclodextrin
derivative was disclosed by the applicant 1n previous patents

EP 1,165,621 and EP 1,157,156.
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In the case of a polymer base biomaterial containing an
amine or hydroxyl function such as, for example, chitosan,
keratin, cellulose or derivatives thereof, the two binding
mechanisms, namely formation of a film via covalent bonds
and coating of the biomaterial with a cross-linked polymer,
may coexist.

According to a preferred embodiment, the application of
the solid mixture 1s obtained by impregnation of the material
with an aqueous solution of:

cyclodextrin(s) and/or cyclodextrin derivative(s) or cyclo-

dextrin 1nclusion complexes or cyclodextrin-bioactive
agent inclusion complexes,

at least one poly(carboxylic) acid,

and optionally a catalyst,

then drying of the impregnated base biomaterial.

Said 1mpregnation and said drying make 1t possible to
uniformly deposit the reagents on the surface of the base
biomaterial or within its pores, a characteristic which later
facilitates both the cyclodextrin binding reaction and the
obtaining of a uniform deposition or coating of polymer on
the surface or 1n the pores of the base biomaterial.

According to a preferred embodiment, the base biomaterial
1s pre-dried at a temperature between 40° C. and 90° C.,
preferably, before the primary heating operation which 1s
carried out at a temperature between 100° C. and 220° C. for
a period of time ranging from 1 to 60 minutes.

Primary heating 1s intended to permanently bind the cyclo-
dextrin molecules(s) to the base biomatenial by a reaction
between the poly(carboxylic) acid and the base biomaterial,
according to at least one of the following mechanisms:

chemical grafting by covalent bonds between the structure

of the base biomaterial and the molecule of cyclodextrin
or cyclodextrin dertvative optionally 1n a complex with
at least one bioactive molecule, or with a polymer of
cyclodextrin(s) and poly(carboxylic) acid(s);

reaction between the poly(carboxylic) acid and the cyclo-

dextrin and/or the cyclodextrin dervative(s) or inclusion
complexes thereof with bioactive molecules to form a
cross-linked copolymer (physical grafting by coating).

Preferably, the polycarboxylic acid 1s selected among acy-
clic poly(carboxylic) acids, saturated and unsaturated cyclic
poly(carboxylic) acids, saturated and unsaturated aromatic
poly(carboxylic) acids, hydroxypoly(carboxylic)acids, prei-
erably citric acid, polyacrylic acid, poly(methacrylic) acid,
1,2,3,4-butanetetracarboxylic acid, maleic acid, citraconic
acid, 1taconic acid, 1,2,3-propanetricarboxylic acid, trans-
aconitic acid, all-cis-1,2,3,4-cydopentanetetracarboxylic
acid, mellitic acid, oxydisuccinic acid and thiodisuccinic
acid.

Anhydride dervatives of the above-named acids may also
be used.

Preferably, the mixture contains a catalyst chosen among,
dihydrogen phosphates, hydrogen phosphates, phosphates,
hypophosphites, alkaline metal phosphites, polyphosphoric
acid alkaline metal salts, carbonates, bicarbonates, acetates,
borates, alkaline metal hydroxides, aliphatic and ammonia
amines, preferably among sodium hydrogen phosphate,
sodium dihydrogen phosphate and sodium hypophosphite.

Preferably, the cyclodextrin 1s selected among: a.-cyclo-
dextrin, p-cyclodextrin, y-cyclodextrin and mixtures thereof;
cyclodextrin dervatives selected among the amino, methyl,
hydroxypropyl, sulifobutyl, carboxymethyl or carboxyl
derivatives of a-cyclodextrin, -cyclodextrin and y-cyclo-
dextrin, and mixtures thereotf; and inclusion complexes of the
aforesaid cyclodextrins or of the aforesaid cyclodextrin
derivatives with bioactive molecules.
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According to a second aspect, the mvention relates to a
biomatenal prepared, preterably, by the method according to
the mvention from a base biomaterial having a chemical
structure which contains a hydroxyl function and/or an amine
function, the aforesaid base structure being bound covalently
to at least one molecule of cyclodextrin or to a polymer
comprised of cyclodextrin whose structure contains the rep-
ctition of the motif of general formula:

[SB]— X —F CO—[[Ac]— CO—O—[CD]

(COOH),

O

n

SB representing the structure of the base biomaterial com-
prised of a polymer material of natural or artificial origin
and/or of a bioceramic material or a polyol, X being either an
oxygen atom or an NH group,

with x=23, 2=y=(x-1) and (x-y)=1,

X being the number of carboxyl functions carried by the
poly(carboxylic) acid belore reaction,

y representing the number of carboxyl functions of the
poly(carboxylic) acid formed into esters or amides dur-
ing the reaction,

(x—vy) being the number of carboxyl functions of the poly

(carboxyvlic) acid not formed 1nto esters or amides after
reaction,

(COOH),.

[Ac]

representing the molecular chain of a poly(carboxylic)acid
of formula:

(COOH),

[Ac]

of which at least two carboxyl functions (—COQOH) have
undergone esterification or, respectively, esterification and
amide formation and which carries at least one carboxyl
function not having undergone an esterification or amide
formation reaction;
|CD)] representing the molecular structure of the cyclodex-
trins chosen preferentially among: o-cyclodextrin,
B-cyclodextrin, v-cyclodextrin and mixtures thereof;
derivatives thereof which are preferentially selected
among amino, methyl, hydroxypropyl, sulfobutyl, car-
boxymethyl or carboxyl derivatives and mixtures
thereof; inclusion complexes of the aforesaid cyclodex-
trins or of the aforesaid cyclodextrin derivatives with
bioactive molecules,
wherein, the aforesaid biomaternial containing at least one
bioactive agent forming a complex with the molecules of
cyclodextrin and/or of cyclodextrin dermvatives, the aforesaid
bioactive agent 1s a therapeutic molecule.
“Therapeutic molecule” means any molecule intended for
prophylaxis and/or treatment of human or animal diseases.
According to a third aspect, the invention relates to a bio-
material prepared, preferably, by the method according to the
invention from a base biomaterial whose porous structure 1s
occupied by, or the surface structure 1s coated or covered by a
cross-linked polymer of cyclodextrin(s) and/or cyclodextrin
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8

derivative(s) and/or cyclodextrin inclusion complexes or
cyclodextrin derivative inclusion complexes and whose struc-
ture contains the repetition of the motif of general formula:

——[[CD]—0—CO—[Ac]—CO—0—]

(COOH),.

n

with x=3, 2=<y=(x-1) and (x-y)=1,

X being the number of carboxyl functions carried by the
poly(carboxylic) acid before reaction,

y representing the number of carboxyl functions of the
poly(carboxylic) acid esterified during the reaction,

(x-y) being the number of carboxyl functions of the poly
(carboxylic) acid not esterified after reaction,

(COOH),.y

[Ac]

representing the molecular chain of a poly(carboxylic)acid
of formula:

(COOH),

[Ac]

of which at least two carboxyl functions (—COOH) have
undergone esterification and which carries at least one car-
boxyl function not having undergone an esterification reac-
tion;
|CD] representing the molecular structure of the cyclodex-
trins chosen preferentially among: a-cyclodextrin,

B-cyclodextrin, y-cyclodextrin and muixtures thereof;
derivatives thereof which are preferentially selected
among amino, methyl, hydroxypropyl, sulfobutyl, car-
boxymethyl or carboxyl dernivatives and mixtures
thereof; inclusion complexes of the atoresaid cyclodex-
trins or of the aforesaid cyclodextrin derivatives with
bioactive molecules,

wherein, the aforesaid biomaterial containing at least one
bioactive agent forming a complex with the molecules of
cyclodextrin and/or of cyclodextrin dertvatives, the aforesaid
bioactive agent 1s a therapeutic molecule.

Thus, the present invention relates to biomaterials prepared
from base biomaterials on which cyclodextrin and/or cyclo-
dextrin derivative molecule(s) are bound by covalent bonds
alone, biomaterials prepared from base biomaterials on
which cyclodextrin and/or cyclodextrin derivative mole-
cule(s) are bound both by covalent bonds and by occupation
of the porous structure, or by coating or covering of the
surface structure of the base biomaterial by a cross-linked
polymer of cyclodextrin(s), and biomaternals prepared from
base biomaterials on which cyclodextrin 1s bound by occu-
pation of the porous structure alone, or by coating or covering
of the surface structure of the base biomaterial by a cross-
linked polymer of cyclodextrin(s) alone.

The biomaterial can be functionalized with a bioactive
agent according to the mvention by various mechanisms.

In an alternative embodiment, the base biomaterial is
grafted with the cyclodextrin and/or cyclodextrin derivative
molecule(s) according to one of the embodiments disclosed
above and 1s then impregnated 1n a concentrated solution of
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the bioactive agent. The purpose of this operation 1s to place
the grafted cyclodextrin in the presence of the bioactive agent,
an operation which results in the formation of a “host-guest™
formation complex. Thus, a biomaterial 1s obtained loaded
with the active mgredient which will then be released 1n a
slowed-down manner once said biomaterial 1s implanted 1n
the organism.

In another embodiment, the base biomaterial 1s grafted
with a cyclodextrin-bioactive agent inclusion complex or a
cyclodextrin derivative-bioactive agent inclusion complex
previously prepared according to techniques of the art. Thus,
in the production process, it suifices to replace the cyclodex-
trin by the cyclodextrin-bioactive agent complex.

The present mmvention makes 1t possible to draw upon some
characteristics of the cyclodextrin complex by grafting said
complex on the base biomaterial by establishing a covalent
chemical bond or by depositing a cyclodextrin polymer that
adheres to the biomaterial by physical interactions.

The chemical or physical grafting of cyclodextrin on the
base biomaterial has the advantage that the former remains
present on the latter and 1s not detached from 1t by immediate
dissolution 1n the physiological medium in which the bioma-
terial 1s 1mplanted.

The biomaterials according to the mmvention have the
capacity to absorb in an increased manner and to release 1n a
prolonged manner bioactive substances such as anticoagu-
lants, antithrombotics, antimitotics, antiproliferation agents,
antiadhesion agents, antimigration agents, cell adhesion pro-
moters, growth factors, antiparasitic molecules, anti-intlam-
matories, anti-angiogenics, angiogenesis inhibiters, vita-
mins, hormones, proteins, antifungals, antimicrobial
molecules, antiseptics or antibiotics.

Increased absorption capacity by the bioactive molecules 1s
due to the fact that grafted cyclodextrins are complex-forma-
tion sites which actively form these bioactive molecules 1nto
complexes, 1n contrast to non-graited surfaces which exhibit
only nonspecific interactions with substrates (ionic hydrogen
bonds and Van der Waals bonds).

Delayed release 1s due to action by the cyclodextrin which
has the property of forming host-guest inclusion complexes
with the above-mentioned molecules and releasing the guest
in a slowed-down, gradual manner.

In addition, 1t 1s known that a given therapeutic agent
exhibits different complex formation equilibrium constants
depending on the nature of the cyclodextrins used (a, {3, v,
hydroxypropyl-a, etc.). As a result, each type of cyclodextrin
bound to the base biomaterial will release the therapeutic
agent more or less rapidly according to 1ts own kinetics.
Consequently, 1t will be possible to modulate the release
kinetics of a bioactive agent by using a mixture of several
cyclodextrins during grafting on the base biomaterial and by
adjusting the proportion of each cyclodextrin in said mixture.

In addition, because carboxyl functions (or carboxylate
functions, according to the pH of the medium) are present on
the biomaterials according to the invention, said functions can
be used as 1on exchangers. Thus, the H™ 1on of a carboxyl
function (or the Na™ of a carboxylate function) can be substi-
tuted by another cation, chosen for example from the group
comprised of silver i1ons, quaternary ammomum 1ons and
chlorhexidine hydrochlornide, all known for their biocidal
properties.

The mmpregnation of the biomaterial according to the
invention with a solution of a cationic biocidal compound
(performed after the drying step) makes 1t possible to confer
biocidal properties to said biomaterial; the biomaterial binds
the biocidal agent by an 1on exchange mechanism. The bio-
material thus treated will exhibit additional properties that are

10

15

20

25

30

35

40

45

50

55

60

65

10

distinct or indistinct from those already conferred by the
therapeutic agent 1n a complex with cyclodextrins. Persons
skilled in the art will be able to decide, according to the
therapeutic agent to be released or to the biocidal agent to be
bound, to use one of these functions alone or several simul-
taneously. The latter case corresponds, for example, to chlo-
rhexidine hydrochloride, a compound which 1s both aromatic
(thus suitable for inclusion in cyclodextrins) and cationic
(thus suitable for binding to carboxyl groups). Inthis case, the
same bioactive agent will be released 1n vivo according to two
different mechanisms.

According to a fourth aspect, the invention relates to the
use of a biomaterial as defined previously as an implant,
prosthesis or device for the controlled release of at least one
therapeutic molecule.

The present mvention relates to the use of biomatenals
carrying cyclodextrin in a complex with at least one bioactive
agent as vascular prostheses and endoprostheses (coated
stents); hernia supports; guided tissue regeneration mem-
branes; guided bone regeneration membranes; intrasulcular
release devices; dialysis, perfusion, transfusion or artificial
nutrition tubes and catheters; transcutaneous implants; tissue
engineering lattices and networks; micro- and macro-porous
bone substitutes; and suture and bandage wire or threads for
medical or veterinary use.

The structure of the base biomaterial according to the
invention can consist of polymer material such as polyethyl-
ene terephthalate glycol (PETG), polylactic acid (PLA),
polyglycolic acid (PGA) and copolymers thereof (PLGA),
polyvinylidene fluoride (PVDF), polytetrafluoroethylene
(PTFE), cellulose, oxidized cellulose, regenerated cellulose,
polyethylene glycol (PEG), polyamide-6, polyamide-6,6,
polypropylene, polyethylene, polysaccharides such as pectin,
carrageenans, alginates and dextrans, keratin, chitosan, col-
lagen, gelatin or a combination of said polymers.

In other embodiments, the structure of the base biomaterial
according to the invention 1s comprised of mineral com-
pounds such as bioceramics, including calcium phosphates,
hydroxyapatites, alumina, zirconia, glass and ionomer glass.

In other embodiments, the structure of the base biomaterial
according to the invention 1s comprised of composites that are
combinations of the mineral compounds and polymer mate-
rials defined above.

The mvention also relates to devices for the controlled
release of at least one therapeutic molecule comprised of at
least one biomaterial such as defined above.

The mvention also relates to compositions containing at
least one biomaterial such as defined above.

The present invention will be better understood upon con-
sideration of the following examples, which are given 1n a
non-limiting manner for the purpose of better i1llustrating the
characteristics of the biomaterials according to the present
invention.

EXAMPLE 1

Using a foulard, a sample of woven PET vascular prosthe-
s1s was 1mpregnated with an aqueous solution containing
3-CD (100 g/1), citric acid (80 g/1) and sodium hypophosphite
(10 g/1). Pick-up was 70%. The sample was then dried for 7
minutes at 90° C., treated for 30 minutes at 140° C., washed
with water using a soxhlet and dried. Weight increase due to
grafting was 2.4%.

EXAMPLE 2

Using a foulard, a sample of woven PET vascular prosthe-
s1s was 1mpregnated with an aqueous solution containing
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3-CD (100 g/1), citric acid (80 g/1) and sodium hypophosphite
(10 g/1). Pick-up was 70%. The sample was then dried for 7
minutes at 90° C., treated for 30 minutes at 150° C., washed
with water using a soxhlet and dried. Weight increase due to
grafting was 7.4%.

EXAMPLE 3

Using a foulard, a sample of woven PET vascular prosthe-
s1s was 1mpregnated with an aqueous solution containing
3-CD (100 g/1), citric acid (80 g/1) and sodium hypophosphite
(10 g/1). Pick-up was 70%. The sample was then dried for 7
minutes at 90° C., treated for 30 minutes at 160° C., washed
with water using a soxhlet and dried. Weight increase due to

grafting was 9.2%.

EXAMPLE 4

Using a foulard, a sample of woven PET vascular prosthe-
s1s was 1mpregnated with an aqueous solution containing
3-CD (100 g/1), citric acid (80 g/1) and sodium hypophosphite
(10 g/1). Pick-up was 70%. The sample was then dried for 7
minutes at 90° C., treated for 30 minutes at 170° C., washed
with water using a soxhlet and dried. Weight increase due to
grafting was 9.9%.

EXAMPLE 5

Using a foulard, a sample of woven PE'T vascular prosthe-
s1s was 1mpregnated with an aqueous solution containing
3-CD (100 g/1), citric acid (80 g/1) and sodium hypophosphite
(10 g/1). Pick-up was 70%. The sample was then dried for 7
minutes at 90° C., treated for 5 minutes at 170° C., washed
with water using a soxhlet and dried. Weight increase due to
grafting was 8.8%.

EXAMPLE 6

Using a foulard, a sample of woven PET vascular prosthe-
s1s was 1mpregnated with an aqueous solution containing
3-CD (100 g/1), 1,2,3,4-butanetetracarboxylic acid (80 g/l)
and sodium hypophosphite (10 g/l1). Pick-up was 70%. The
sample was then dried for 7 minutes at 90° C., treated for 6
minutes at 175° C., washed with water using a soxhlet and
dried. Weight increase due to grafting was 25%.

EXAMPLE 7

Using a foulard, a sample of woven PE'T vascular prosthe-
s1s was 1mpregnated with an aqueous solution containing
hydroxypropyl-3-cyclodextrin (100 g/1), citric acid (80 g/1)
and sodium hypophosphite (10 g/1). Pick-up was 70%. The
sample was then dried for 7 minutes at 90° C., treated for 10
minutes at 140° C., washed with water using a soxhlet and
dried. Weight increase due to grafting was 5%.

EXAMPLE 8

Using a foulard, a sample of woven PET vascular prosthe-
s1s was 1mpregnated with an aqueous solution containing
hydroxypropyl-3-cyclodextrin (100 g/1), citric acid (80 g/1)
and sodium hypophosphite (10 g/l1). Pick-up was 70%. The
sample was then dried for 7 minutes at 104° C., treated for 10
minutes at 150° C., washed with water using a soxhlet and
dried. Weight increase due to grafting was 11.1%.

EXAMPLE 9

Using a foulard, a sample of woven PET vascular prosthe-
s1s was 1mpregnated with an aqueous solution containing
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hydroxypropyl-y-cyclodextrin (100 g/1), citric acid (80 g/l)
and sodium hypophosphite (10 g/1). Pick-up was 70%. The
sample was then dried for 7 minutes at 90° C., treated for 10
minutes at 160° C., washed with water using a soxhlet and
dried. Weight increase due to grafting was 10%.

EXAMPLE 10

Using a foulard, a sample of woven PE'T vascular prosthe-
s1s was 1mpregnated with an aqueous solution containing
hydroxypropyl-y-cyclodextrin (100 g/1), citric acid (80 g/1)
and sodium hypophosphite (10 g/1). Pick-up was 70%. The

sample was then dried for 7 minutes at 90° C., treated for 3
minutes at 150° C., washed with water using a soxhlet and

dried. Weight increase due to grafting was 6.5%.

EXAMPLE 11

Using a foulard, a sample of woven PET vascular prosthe-
s1s was 1mpregnated with an aqueous solution containing
hydroxypropyl-y-cyclodextrin (100 g/1), citric acid (80 g/l)
and sodium hypophosphite (10 g/1). Pick-up was 70%. The
sample was then dried for 7 minutes at 90° C., treated for 10
minutes at 150° C., washed with water using a soxhlet and
dried. Weight increase due to grafting was 8.1%.

EXAMPLE 12

Using a foulard, a sample of woven PET vascular prosthe-
s1s was 1impregnated with an aqueous solution containing
hydroxypropyl-y-cyclodextrin (100 g/1), citric acid (80 g/1)
and sodium hypophosphite (10 g/1). Pick-up was 70%. The
sample was then dried for 7 minutes at 90° C., treated for 15
minutes at 150° C., washed with water using a soxhlet and
dried. Weight increase due to grafting was 11%.

EXAMPLE 13

Using a foulard, a PVDF microporous membrane was
impregnated with an aqueous solution containing [3-CD (100
g/1), citric acid (100 g/1) and sodium hypophosphite (30 g/1).
Pick-up was 60%. The sample was then dried for 3 minutes at
90° C., treated for 10 minutes at 140° C., washed with water

using a soxhlet and dried. Weight increase due to graiting was
2.4%.

EXAMPLE 14

Using a foulard, a PVDF microporous membrane was
impregnated with an aqueous solution containing (3-CD (100
g/1), citric acid (100 g/1) and sodium hypophosphite (30 g/1).
Pick-up was 86%. The sample was then dried for 3 minutes at
90° C., treated for 10 minutes at 150° C., washed with water
using a soxhlet and dried. Weight increase due to graiting was

10.5%.

EXAMPLE 15

Using a foulard, a PVDF microporous membrane was
impregnated with an aqueous solution containing [3-CD (100
g/L.), citric acid (100 g/1) and sodium hypophosphite (30 g/1).
Pick-up was 78%. The sample was then dried for 3 minutes at
90° C., treated for 10 minutes at 170° C., washed with water
using a soxhlet and dried. Weight increase due to graiting was

15.5%.

EXAMPLE 16

Using a foulard, a PVDF microporous membrane was
impregnated with an aqueous solution containing hydrox-
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ypropyl-f-cyclodextrin (100 g/1), citric acid (100 g/1) and
sodium hypophosphite (30 g/l). Pick-up was 85%. The
sample was then dried for 3 minutes at 90° C., treated for 10

minutes at 170° C., washed with water using a soxhlet and
dried. Weight increase due to grafting was 15.8%.

EXAMPL.

17

(L]

Using a foulard, a microporous regenerated cellulose
membrane was impregnated with an aqueous solution con-
taining 3-CD (100 g/1), citric acid (100 g/1) and sodium hypo-
phosphite (30 g/1). Pick-up was 163%. The sample was then
dried for 3 minutes at 90° C., treated for 10 minutes at 170° C.,

washed with water using a soxhlet and dried. Weight increase
due to grafting was 3.95%.

EXAMPL.

L1l

18

Using a foulard, a microporous regenerated cellulose
membrane was impregnated with an aqueous solution con-
taining 3-CD (100 g/1), citric acid (100 g/1) and sodium hypo-
phosphite (30 g/1). Pick-up was 187%. The sample was then
dried for 3 minutes at 90° C., treated for 10 minutes at 150° C.,
washed with water using a soxhlet and dried. Weight increase
due to grafting was 14.9%.

EXAMPL.

(L]

19

Using a foulard, a sample of polyamide-6 fabric was
impregnated with an aqueous solution containing 3-CD (100
g/1), citric acid (100 g/1) and sodium hypophosphite (30 g/1).
Pick-up was 70%. The sample was then dried for 3 minutes at
104° C., treated for 3 minutes at 170° C., washed with water
using a soxhlet and dried. Weight increase due to graiting was

>%.

EXAMPLE 20

Using a foulard, a sample of polyamide-6 fabric was
impregnated with an aqueous solution containing [3-CD (100
g/1), citric acid (100 g/1) and sodium hypophosphite (30 g/1).
Pick-up was 70%. The sample was then dried for 3 minutes at
104° C., treated for 5 minutes at 170° C., washed with water

using a soxhlet and dried. Weight increase due to graiting was
10%.

EXAMPL.

(Ll

21

Using a foulard, a sample of polyamide-6 fabric was
impregnated with an aqueous solution containing 3-CD (100
g/1), citric acid (100 g/1) and sodium hypophosphite (30 g/1).
Pick-up was 70%. The sample was then dried for 3 minutes at
104° C., treated for 12 minutes at 170° C., washed with water
using a soxhlet and dried. Weight increase due to graiting was

12.5%.

EXAMPLE 22

This example illustrates the capacities for increased
absorption and delayed release of a PVDF membrane func-
tionalized by p-CD with respect to chlorhexidine, an antisep-
tic chosen as the active ingredient. In a first step, one untreated
membrane and one membrane functionalized by p-CD were
plunged 1nto a chlorhexidine solution (0.04 g/1). In a second
step, both membranes loaded with chlorhexidine were rnsed
with water and then plunged into a physiological medium
maintained at 37° with agitation. The evolution of the chlo-

10

15

20

25

30

35

40

45

50

55

60

65

14

rhexidine concentration in the medium was then measured by
UV-visible spectrophotometry at 255 nm.

FIG. 1 represents the evolution of the quantity of chlorhexi-
dine released 1n the medium by the two membranes over a
period of 130 days.

EXAMPLE 23

This example illustrates the capacities for increased
absorption and delayed release of a woven PET vascular
prosthesis functionalized by p-CD with respect to vancomy-
cin, an antibiotic chosen as the active ingredient. In a {first
step, one untreated membrane and one membrane function-
alized by p-CD with a grafting rate of 10% were plunged into
a vancomycin solution (5 g/1). In a second step, both mem-
branes loaded with vancomycin were rinsed with water and
then plunged 1nto a physiological medium maintained at 3770
with agitation. The evolution of the vancomycin concentra-
tion 1n the medium was then measured by UV-visible spec-
trophotometry at 280 nm.

FIG. 2 represents the evolution of the vancomycin concen-
tration (1n mg/1) released 1n the medium by the two prostheses
over a period of 86 days.

EXAMPLE 24

This example 1llustrates the possibility of modulating the
release kinetics of a bioactive agent by using a mixture of
several cyclodextrins during grafting on the base biomaterial
and by adjusting the proportion of each cyclodextrin 1n said
mixture. FIG. 3 represents the study of chlorhexidine release
by microporous PVDF membranes functionalized by three
different cyclodextrins: [3-cyclodextrin, hydroxypropyl-y-cy-
clodextrin and y-cyclodextrin. The results obtained show that
chlorhexidine 1s released 1n the first ten days when the mem-
brane 1s grafted with y-cyclodextrin; this period 1s greater than
60 days for B-cyclodextrin. On the other hand, hydroxypro-
pyl-v-cyclodextrin 1s mnetfective; 1t yields the same result as
the untreated membrane, used as a control, which releases all
of the chlorhexidine immediately.

The invention claimed 1s:

1. A device for controlled release of at least one bioactive
agent, wherein said device 1s an implant or a prosthesis and
comprises at least one biomaterial comprising a base bioma-
terial modified by forming a cross-linked polymer bound to
the base biomaterial by polymerizing onto the base material
(1) a polycarboxylic acid of general formula

(COOH),

[Ac]

wherein x=3 and [Ac] 1s an organic moiety bearing X
COOH groups with (2) at least one cyclodextrin mono-
mer represented by general formula

(OH),

[CD]

wherein [CD] 1s a cyclodextrin moiety bearing z OH
groups,

wherein the cyclodextrin monomer is at least one member
selected from the group consisting of a-cyclodextrin;
B-cyclodextrin; y-cyclodextrin; amino, methyl, hydrox-
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ypropyl, sulfobutyl, carboxymethyl or carboxyl deriva-
tives of a-cyclodextrin; amino, methyl, hydroxypropyl,
sulfobutyl, carboxymethyl or carboxyl derivatives of
B-cyclodextrin; amino, methyl, hydroxypropyl, sulfobu-
tyl, carboxymethyl or carboxyl derivatives of y-cyclo-
dextrin; inclusion complexes of a-cyclodextrin, [3-cy-
clodextrin, v-cyclodextrin or said derivatives with
bioactive molecules, wherein the cross-linked polymer
contains a repetition of the motif of general formula:

——[[CD]—O0—CO—[Ac]—CO—0O—]

(OH) (COOH),.,

wherein 2=y=(x-1), (x-y)=1, and t=2,

y represents the number of carboxyl functions of the poly
(carboxylic) acid esterified during polymerization,

(x—vy) represents the number of carboxyl functions of the
poly(carboxylic) acid not esterified after polymeriza-
tion,

7z represents the number of OH groups carried by the CD

unit before esterification with the polycarboxylic acid,

t represents the number of OH groups of the CD unit that

underwent esterification with the polycarboxylic acid,

(z-1) represents the remaining OH groups present on the

polymerized CD unit, wherein the cross-linked polymer

1s bound to the base biomaterial by at least one of the

following mechanisms:

chemical grafting by covalent bonds between the base
biomaternial and the cross-linked polymer,

physical grafting in the form of a coating resulting from
cross-linking of the polymer formed by reaction
between the polycarboxylic acid and the cyclodextrin
monomer;

wherein the base biomaterial has a porous structure or a

non-porous structure,

and wherein the device contains said at least one bioactive

agent, wherein the bioactive agent forms a complex with
the cyclodextrin units, and the bioactive agent 1s a thera-
peutic molecule.

2. A device according to claim 1, wherein the base bioma-
terial 1s constituted of polymer material, wherein the polymer
material 1s at least one member selected from the group con-
s1sting ol polyethylene terephthalate glycol (PETG), polylac-
tic acid, polyglycolic acid and copolymers thereof, polyvi-
nylidene fluoride (PVDF), polytetrafluoroethylene (PTFE),
polyethylene glycol (PEG), polyamide-6, polyamide-6,6,
polypropylene, and polyethylene.

3. A device according to claim 1, wherein the base bioma-
terial 1s constituted of a mineral compound, wherein said
mineral compound 1s a bioceramic selected from the group
consisting of calcium phosphates, hydroxyapatites, alumina,
zirconia, glass, and 1onomer glass.

4. A device according to claim 1, whereimn the bioactive
agent 1s selected from the group consisting of anticoagulants,
antithrombotics, antimitotics, antiproliferation agents, anti-
adhesion agents, antimigration agents, cell adhesion promot-
ers, growth factors, antiparasitic molecules, antiintlammato-
ries, antifungals, antimicrobial molecules, antiseptics and
antibiotics.

5. A device according to claim 1, which 1s a vascular
prosthesis, endoprosthesis or a coated stent; a hernia support;
a guided tissue regeneration membrane; a guided bone regen-
cration membrane; an intrasulcular release device; a dialysis,
perfusion, transtusion or artificial nutrition tube or catheter; a
transcutaneous implant; a tissue engineering lattice or net-
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work; a micro- or macro-porous bone substitute; or suture or
bandage wire or thread for medical or veterinary use.

6. A device according to claim 1, wherein the cyclodextrin
monomer 1s at least one member selected from the group
consisting of a-cyclodextrin, p-cyclodextrin, y-cyclodextrin;
or the cyclodextrin monomer 1s at least one member selected
from the group consisting of said derivatives of a.-cyclodex-
trin, P-cyclodextrin, y-cyclodextrin.

7. A device according to claim 1, wherein the poly (car-
boxvlic) acid 1s selected from the group consisting of acyclic
poly (carboxylic) acids, saturated and unsaturated cyclic poly
(carboxylic) acids, saturated and unsaturated aromatic poly
(carboxylic) acids, hydroxypoly(carboxylic) acids, poly-
acrylic acid, poly (methacrylic) acid, and anhydride dertved
from said acids.

8. A device according to claim 1,

wherein the base biomaterial which contains a hydroxyl

function and/or an amine function through which the
base biomatenal 1s bound covalently to the cross-linked
polymer.
9. A device according to claim 8 wherein the base bioma-
terial 1s constituted of polymer material.
10. A device according to claim 9, wherein the polymer
material 1s at least one member selected from the group con-
s1sting of cellulose, oxidized cellulose, regenerated cellulose,
pectin, carrageenans, alginates and dextrans.
11. A device according to claim 9, wherein the polymer
materal 1s at least one member selected from the group con-
sisting of keratin, chitosan, collagen, and gelatin.
12. A method for preparing a device according to claim 1,
comprising the steps of:
a) applying to the base material a solid mixture of:
said at least one cyclodextrin monomer,
at least one of said polycarboxylic acid, and
optionally a catalyst;

b) heating the base material provided with the solid mixture
at a temperature between 100° C. and 220° C. for a
period of 1 to 60 minutes;

¢) washing the heated base material provided with the solid

mixture with water; and

d) drying the washed base maternial provided with the solid

mixture, wherein at least one bioactive agent 1s 1ncorpo-
rated 1n the biomaterial by impregnation of the bioma-
terial after the drying step with a concentrated solution
of bioactive agent.

13. A method according to claim 12, wherein the solid
mixture 1s applied by impregnating the base biomaterial with
an aqueous solution of:

said at least one cyclodextrin monomer,

at least one of said polycarboxylic acid, and

optionally said catalyst;
and then drying the base biomaterial impregnated with said
aqueous solution.

14. A method according to claim 12, further comprising a
step of impregnating the biomaterial with a solution of cat-
ionic biocidal agent after the drying step.

15. A method according to claim 12, wherein the base
biomaterial 1s constituted of polymer material, wherein the
polymer material 1s at least one member selected from the
group consisting ol polyethylene terephthalate glycol
(PE'TG), polylactic acid, polyglycolic acid and copolymers
thereol, polyvinylidene fluoride (PVDEF), polytetrafluoroeth-
yvlene (PTFE), cellulose, oxidized cellulose, regenerated cel-
lulose, polyethylene glycol (PEG), polyamide-6, polyamide-
6,6, polypropylene, polyethylene, keratin, chitosan, collagen,
and gelatin.
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16. A method according to claim 12, wherein the base
biomateral 1s comprised of a mineral compound, wherein the
mineral compound 1s at least one member selected from the
group consisting of bioceramics and a composite material
containing a mineral compound and a polymer matenal.

17. A method according to claim 16, wherein the biocer-
amics comprise at least one member selected from the group
consisting of calcium phosphates, hydroxyapatites, alumina,
zirconia, glass and 1onomer glass.

18. A method according to claim 12, wherein the poly 10

(carboxylic) acid 1s selected from the group consisting of
acyclic poly(carboxylic) acids, saturated and unsaturated
cyclic poly(carboxylic) acids, saturated and unsaturated aro-
matic poly(carboxylic) acids, hydroxypoly(carboxylic)
acids, polyacrylic acid, poly(methacrylic) acid, and anhy-
drides dertved from said acids.

19. A method according to claim 12, wherein the catalyst is
selected from the group consisting of dihydrogen phosphates,
hydrogen phosphates, phosphates, hypophosphites, alkaline

15
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metal phosphites, polyphosphoric acid alkaline metal salts,
carbonates, bicarbonates, acetates, borates, alkaline metal
hydroxides, aliphatic and ammonia amines.

20. A method according to claim 12, wherein the cyclo-
dextrin monomer 1s at least one member selected from the
group consisting of a.-cyclodextrin, p-cyclodextrin and y-cy-
clodextrin; or the cyclodextrin monomer 1s at least one mem-
ber selected from the group consisting of said derivatives of
a.-cyclodextrin, 3-cyclodextrin and y-cyclodextrin.

21. A method according to claim 12, wherein the bioactive
agent 1s at least one member selected from the group consist-
ing of anticoagulants, antithrombotics, antimitotics, antipro-
liferation agents, antiadhesion agents, antimigration agents,
cell adhesion promoters, growth factors, antiparasitic mol-
ecules, anti-inflammatories, anti-angiogenics, angiogenesis
inhibiters, vitamins, hormones, proteins, antifungals, antimi-
crobial molecules, antiseptics and antibiotics.
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